I. INTRODUCTION

DUPLEX stainless steel (DSS) containing austenite (c)
and ferrite (d) in equal proportion is widely used in oil, gas, paper, desalination, and petrochemical industries as the economical alternative to austenitic stainless steel. [1] DSS shows high mechanical strength along with excellent resistance to corrosion and stress-corrosion cracking. Since the processing of DSS involves high-temperature deformation, such as hot rolling and hot forging, it is important to study the hot deformation behavior of this steel. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The changes in microstructure and crystallographic texture during hot deformation of DSS determine (1) the resistance against deformation, i.e., load required for deformation; (2) the resistance to hot cracking during deformation; and (3) the final microstructure and mechanical properties of the steel. Now the hot-flow behavior of DSS depends on microstructural and textural changes taking place within individual phases and their mutual correspondence. Several studies have been carried out on the microstructural evolution during hot deformation of conventional (high-Ni) DSS. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [13] [14] [15] [16] [17] The samples of DSS were deformed over a wide temperature range [T def = 1123 K to 1473 K (750°C to 1200°C)] and strain-rate range (_ e = 0.01 to 10/s) using different techniques, such as hot-compression tests, hot-torsion tests, plane-strain compression tests, and laboratory scale hot forging and hot rolling. The general observations are as follows.
(1) Decrease in T def and increase in _ e, i.e., the increase in the Zener-Holloman parameter, Z, increases the flow stress. Heavy deformation leads to continuous dynamic recrystallization (CDRX) of ferrite aided by pronounced DRV. (5) Due to comparatively low stacking fault energy, austenite is less prone to recovery and undergoes conventional (discontinuous) dynamic recrystallization.
Processing at very high temperature and low strain rate is not industrially favorable, as it can hamper the energy efficiency and productivity of the mill. In order to carry out high-temperature deformation, the requirement of high soaking temperature can also be associated to energetic and environmental concerns.
Lean DSS grades, such as 2101 grade steel having 1.0 to 1.5 wt pct Ni and no Mo addition, have emerged as the most economical version of DSS and are increasingly becoming popular for industrial and household applications. [18] [19] [20] Compared to the studies on conventional high-Ni DSS, very limited studies exist on the hot deformation and dynamic restoration behavior of lean DSS. Liu et al. [19] performed single-pass and multipass deformation on as-forged 2101 grade DSS at T def in the range of 1273 K to 1373 K (1000°C to 1100°C) and observed DRV and CDRX inside both d-ferrite and c at high applied strain. Zou et al. [20] studied the response of as-cast 23 wt pct Cr lean DSS upon hot-compression testing at T def in the range of 1273 K to 1323 K (1000°C to 1050°C) and reported the occurrence of DRV inside both d-ferrite and c. In a recent article, the present authors [21] reported the strain-induced precipitation of secondary austenite islands inside the d-ferrite matrix during hot deformation of lean DSS. Precipitation of the austenite islands was found to increase with the decrease in deformation temperature from 1373 K to 1173 K (1100°C to 900°C) and with the increase in applied strain from 0.3 to 0.8. The precipitated austenite islands were found to maintain mostly a Kurdjumov-Sachs (K-S) orientation relationship with the d-ferrite matrix. As the K-S interphase boundaries are prone to hot cracking, precipitation of the secondary austenite affects the hot workability of DSS. Therefore, the hot-flow behavior and microstructural softening taking place within lean DSS may not necessarily follow the aforementioned general trend shown by high-Ni DSS. Earlier studies on the hot deformation of lean DSS hardly looked at the evolution of crystallographic texture within this alloy. According to a recent study from Ghosh et al., [22] crystallographic texture can also influence the mechanical properties such as the impact toughness of steel, as local texture banding can cause fissure formation during Charpy impact testing. Hence, in view of the industrial processing of DSS, as well as for scientific understanding, further studies on the microstructural and textural evolution during hot deformation of lean DSS are necessary. The study on hot deformation of lean DSS becomes even more important as such steel is prone to hot cracking. [1, [18] [19] [20] Since, during industrial processing, hot-rolling or hot-forging treatments are generally carried out on as-cast and reheated steel, it is preferable to carry out high-temperature deformation simulation on as-cast starting material. Therefore, the main aim of the present study is to identify the softening mechanisms taking place by following the microstructural and textural evolution within the constituent phases (d-ferrite and austenite) of as-cast lean DSS during hot deformation, as a function of applied strain and deformation temperature.
II. EXPERIMENTAL DETAILS
An industrial 2101 grade DSS was used for the present study. The material was received in the form of as continuously cast slab (~200-mm thick) from Jindal Stainless Limited (Hisar). The chemical composition of the investigated steel is given in Table I .
Cylindrical samples (10-mm diameter and 15-mm height) were prepared from the quarter-thickness location of the as-cast slab and were hot-compression tested in GLEEBLE 3500* thermomechanical simulator. The thermomechanical processing schedule applied in the present study is shown in Figure 1 . A couple of thermocouples spot welded to the samples continuously monitored and controlled the sample temperature at an accuracy of ±3 K. The samples were soaked at 5 K/s to different deformation temperatures, T def : 1073 K (800°C ), 1173 K (900°C), 1273 K (1000°C), and 1373 K (1100°C). The samples were compressed up to true strain, e = 0.8, at a strain rate, _ e = 1/s, and finally water quenched immediately after deformation. One sample was water quenched directly from the reheating temperature for studying the microstructure generated after reheating treatment. Hot-compression samples were deformed either at 1373 K (1100°C) or at 1173 K (900°C), to lower strain levels of e = 0.25 or 0.50. Depending on the T def and applied strain, e, the samples were coded as ''T def -e,'' such as 1373-0.8, 1073-0.8, 1373-0.5, and 1073-0.5.
The cross section of the compression-tested samples, at the vicinity where thermocouples were attached to the samples (near the center of the samples), was prepared for microstructural and textural study. The electron backscatter diffraction (EBSD) technique was extensively used for phase identification and to investigate the changes in microstructure and texture within each phase, as a result of hot deformation. EBSD scans were performed on the RD-ND plane, where RD stands for the direction of metal flow and ND stands for the direction of compression.
The samples for EBSD analysis were prepared by electropolishing with 90 pct methanol and 10 pct perchloric acid solution. The EBSD study was performed using a HKL Channel 5 system (Oxford Instruments, Oxfordshire, United Kingdom) attached with a Zeiss** Auriga scanning electron microscope at *GLEEBLE is a trademark of Dynamic Systems Inc., New York, NY.
**Zeiss is a trademark of Carl Zeiss microscopy GmbH, Germany.
70-deg tilting condition, for identification of bcc-d and fcc-c phases and for study of the strain distribution, boundary misorientation distribution, and crystallographic orientation within each phase. An area of at least 500 lm 9 500 lm was scanned for each sample at a step size of 0.3 lm. An MTex toolbox was used for the EBSD data analysis. The local average misorientation (LAM) maps were obtained by considering the average misorientation between each point (i.e., each pixel) and its five nearest neighboring points for a maximum misorientation of 5 deg. LAM maps highlight local strain gradients, independent of grain size. The boundary misorientation distribution was conducted by considering all the boundaries having misorientation greater than 2 deg. Following general convention, high-angle ''grain boundaries'' (indicated by thick black lines) and low-angle ''sub-boundaries'' (indicated by thin black lines) are defined as the boundaries having misorientations greater than 15 deg and between 2 and 15 deg, respectively. Since two different phases (d and c) are present in DSS having different crystal structures, it is necessary to study the changes in texture as a result of hot deformation, within each phase. Microtexture study using EBSD is preferred from this respect rather than macrotexture study, which presents the combined texture of both d and c, over a larger microstructural area. Thin foils were prepared by electropolishing in 10 pct perchloric acid in acetic acid solution, and the foils were 
III. RESULTS AND DISCUSSION
A. Effect of Deformation Temperature on Hot-Flow Behavior
The true stress vs true strain curves, i.e., flow curves, of the compression-tested samples, for different deformation temperatures, are presented in Figure 2 . The serration in the data was removed and the curves were smoothed by applying a high-order polynomial fit, following the established procedure. [23] The flow curves of the samples deformed at 1273 K and 1373 K (1000°C and 1100°C) showed perfectly steady-state behavior, and the flow stress remained at a low level (80 to 110 MPa). These results are similar to the behavior observed by other authors. [19, 24] As the T def decreased to 1173 K (900°C) and further to 1073 K (800°C), the average flow-stress level increased significantly to~200 MPa [for
The flow curves obtained upon deformation at 1173 K and 1073 K (900°C and 800°C) show similar behavior, where the stress increases initially to steady-state level and again toward the end of deformation at e > 0.65. This behavior has not been reported in earlier studies on DSS [20, 24] and can be justified by the following points. First, earlier studies hardly deformed the as-cast samples of lean DSS below~1273 K (1000°C ). Besides that, the increase in flow stress at higher strain levels could be attributed to the strain-induced precipitation of secondary austenite islands at lower deformation temperatures, as reported recently in another study. [21] The fine austenite islands can significantly hinder the plastic flow inside d-ferrite, resulting in the increase in flow stress. At lower deformation temperatures [1173 K and 1073 K (900°C and 800°C)] and higher strain levels, recovery and recrystallization can be severely restricted in the lean DSS, [13] [14] [15] [16] [17] which can significantly increase the flow stress.
The EBSD phase map of reheated and hot-compression-tested samples was presented in Figure 3 . Randomly distributed large and elongated c islands were observed in the as-reheated sample (Figure 3(a) ). The austenite area fraction was~45 pct, which hardly changed after hot deformation ( Figure 3 ). Heavy deformation at 1373 K (1100°C) refined the microstructure of the 1373-0.8 sample, and some of the c regions became elongated toward the direction of metal flow (i.e., perpendicular to the compression axis) (Figure 3(b) ). Both low-angle boundaries (LABs) and high-angle boundaries (HABs) were present within d-ferrite phase, as well as within c-phase, for this sample (Figure 3(b) ). The microstructural characterization of all the hot-deformed samples is presented in Table II . There is a variation in the recrystallized d-grain size in the hot-deformed samples and the grain size is represented by average grain size and standard deviation, as listed in Table II . The reason behind the high standard deviations in the measured d-ferrite grain sizes in Table II can be attributed to the heterogeneous distribution of strain in the deformed structure, which resulted in a grain size variation after recrystallization. The d-ferrite matrix appeared to be relatively strain free. Several twin boundaries formed inside the deformed and elongated c-phase regions in the 1373-0.8 sample, as indicated by black arrows in Figure 3 (b). The regions containing twins appeared to be the strain-free regions in c, as indicated by red arrows in Figure 3(b) . The presence of twin bands in strain-free c regions denotes that those twins were possibly the annealing twins that formed as a result of dynamic recrystallization (DRX) inside c. The remaining c regions contained LABs, which indicates that dislocation substructures formed inside c upon deformation (by slip) and DRV. The presence of sub-boundaries inside both d and c suggests that DRV occurred inside both these phases during deformation.
As the deformation temperature decreased to 1273 K and 1173 K (1000°C and 900°C), the proportion of strain-free regions inside d and c decreased continuously and extensive dislocation substructures (LABs) formed within those phases (Figures 3(c) and (d) and Table II) . Deformation twins can be seen in the deformed c regions of the 1173-0.8 sample, as indicated by red arrows in Figure 3 (d). The size of recrystallized d and c grains decreased with the decrease in deformation temperature (Table II and Figure 3 ). Fine strain-free recrystallized grains, less than 10 lm in size, were observed at the recrystallized c regions of the 1173-0.8 sample, as indicated by black arrows in Figure 3(d) . Upon heavy straining, deformation twins can deviate from ideal twin orientation by slip-twin interaction. Therefore, the deformation in c regions of lean DSS seems to be contributed by both slipping and twinning mechanisms.
Hot compression at 1073 K (800°C) severely deformed both the d and c phases. Numerous subgrains, surrounded by LABs, were found to form inside the deformed c regions (indicated by red arrows) of the 1073-0.8 sample. The possibility of DRX of both d and c can be ruled out in the 1073-0.8 sample, as neither annealing twins nor fine strain-free grains were present (Figure 3(e) ). Therefore, the dynamic softening in lean DSS seems to be governed by DRV and DRX both inside d-ferrite and in c. DRV in this case must have played the predominant role, as indicated by the prolonged steady-state hot-flow behavior in the flow curves ( Figure 2) . In order to understand this aspect in greater detail, samples were deformed at two different temperatures [1373 K (1100°C) or 1173 K (900°C)] at different strain levels (0.25 or 0.5) and the effect of strain on microstructural and textural changes was studied.
B. Effect of Applied Strain on Hot-Flow Behavior at 1373 K (1100°C) Deformation Temperature
The EBSD phase maps of the samples deformed up to 0.25 and 0.5 true strain levels at 1373 K (1100°C) are shown in Figure 4 . The phase map of the sample deformed up to e = 0.8 at the same T def is already shown in Figure 3(b) . In the 1373-0.25 sample, low-angle boundaries, i.e., subgrain boundaries, were present in d at the vicinity of c regions, as indicated by red arrows in Figure 4(a) . In some cases, those boundaries remained incomplete and were found to evolve from the HABs (Figure 4(a) ). As the strain increased to 0.5, the intensity of low-angle subgrain boundaries (indicated by (Figure 4(b) ). The subgrain boundaries continued to disappear and were replaced by high-angle grain boundaries with the further increase in applied strain resulting in the formation of fine strain-free grains at an applied strain of 0.8 ( Figure 3(b) ). This aspect was further confirmed by the TEM analysis presented afterward.
The decrease in the strain level in d-ferrite matrix and the gradual disappearance of dislocation substructure and LABs become evident from the LAM maps in Figures 5(a), (c), and (e) . The LABs appear in the form of a green-colored network in Figures 5(a), (c), and ( [24, 25] Due to the high stacking fault energy along with the high diffusion rate of alloying elements (removing alloy segregation or clustering), dislocation movement is easier in d-ferrite, which makes it prone to DRV. Due to the presence of c, which is less deformable than d, the deformation starts in d and preferentially accumulates strain. As d becomes strain hardened, the strain penetrates into c. Now, in DSS, due to the presence of c, the subgrain boundaries formed inside d (sandwiched between the c regions) by the DRV process remain connected to the d/c interphase boundaries, which restrict the mobility of sub-boundaries. This promotes the occurrence of CDRX in d, especially at the regions close to the c islands, and supports the observation in Figures 3 through 5 . The boundary misorientation distribution for d-ferrite in Figures 6(a) and (c) shows the gradual decrease in the fraction of the LAB, and the corresponding rise in the fraction of the HAB further confirms the occurrence of CDRX in d. Austenite (c) regions in the as-reheated sample had different sizes and were oriented in a random fashion. Depending on their size and orientation, with respect to the loading axis, at low applied strain, different c regions were subjected to different amounts of strain ( Figure 5(b) ). The larger and elongated c regions, oriented along the compression axis, were preferentially deformed ( Figure 5(b) ), possibly by offering higher resistance to d-ferrite deformation, as compared to the smaller and more equiaxed c islands. Deformations of c regions reoriented and aligned those regions along the direction of metal flow. As the applied strain increased, heavily deformed and elongated c regions were subjected to discontinuous (i.e., conventional) dynamic recrystallization, which resulted in the formation of annealing twins. At a higher level of deformation (e = 0.5 to 0.8), the strain gradually penetrated inside the smaller c islands, and dislocation arrays and deformation twins formed inside them (Figures 3(b Table II ). At T def = 1373 K (1100°C), the recrystallized fraction increased with strain in both d and c (Table II) . The average recrystallized grain size also showed an increase with strain, which can be difficult to explain (Table II) . Possibly due to the high deformation temperature, grain growth took place to some extent during or immediately after deformation, before the water quenching. The higher the applied strain, the higher the recrystallized fraction and the frequency of HABs. It may be easier for the HABs to move inside the strain-free (recrystallized) matrix than the strained region. As a result, higher grain growth occurred in the heavily deformed sample, which also had a longer deformation period (for constant strain rate). The average LAM value in c initially decreased upon the increase in strain from 0.25 to 0.50 (Table II) , as higher strain penetrated into the c regions. A further increase in strain to 0.8 resulted in DDRX of c, and the average LAM decreased (Table II) .
C. Effect of Applied Strain on Crystallographic Texture at 1373 K (1100°C) Deformation Temperature
The inverse pole figure (ND-IPF) maps for ferrite and austenite regions of the samples, deformed at 1373 K (1100°C) at different strain levels, are presented in Figure 7 . The microtexture of ferrite and austenite regions is presented in the form of an orientation distribution function (ODF) in Figures 8 and 9 , respectively. Red-colored ferrite regions in Figures 7(a), (c) , and (e) show the dominance of cube and ''rotated-cube'' textures. The F 2 = 45 deg ODF sections in Figure 8 also indicate that the cube texture components (h001i||ND) were present at high intensity inside d-ferrite, irrespective of the strain level. The standard orientations given in the F 2 = 45 deg ODF section in Figure 8 (d) can be used as the reference to interpret the texture of ferrite. In as-cast DSS, the cube texture (h001ikND) is the solidification texture expected to be present in d. [19, 20] Upon deformation of d-ferrite, cube texture can deviate from its ideal orientation to form a rotated-cube component. In general, cube and rotatedcube components are very stable (due to their low stored energy) and primarily undergo DRV rather than DDRX. [10, 11, [26] [27] [28] Pronounced DRV leads to CDRX, which does not involve the nucleation and growth of newly oriented grains, and as a result, cube texture continued to dominate even after the recrystallization. In the ferrite regions of the 1373-0.5 or 1373-0.8 sample, a few grains had slightly different texture, say, h011i||ND (i.e., Goss texture (Figures 7(c) and (e))). Formation of such texture can be associated with the grain growth process (mentioned earlier), possibly by a mechanism such as strain-induced boundary migration. [29] Regarding the texture in c, an increase in strain from 0.25 to 0.5 increased the intensity of alpha-fcc fiber texture components, such as Brass texture ({011}h112i) and rotated Goss texture ({011}h011i), and decreased the intensity of cube, rotated-cube, and copper texture ({112}h111i) (Figures 9(a) and (b) ). The cube texture could have been present in the as-cast c, and the copper texture possibly could have formed in the initial stage of deformation. As the strain increased to 0.8, besides the presence of deformation texture components, a strong cube texture emerged inside c (Figure 9(c) ). The cube texture is the ideal recrystallization texture of c and could have resulted from the DDRX of c. [30] Therefore, the evolution of microstructure and texture in d and in c, as a function of applied strain at 1373 K (1100°C), confirms the dominance of DRV and CDRX in d-ferrite and DDRX in c.
D. Effect of Applied Strain on Hot-Flow Behavior at 1173 K (900°C) Deformation Temperature
The phase maps of the samples deformed at 1173 K (900°C) up to strain levels of 0.25 and 0.50 are presented in Figure 10 . LAM maps for d and c regions of the 1173 K (900°C) deformed samples are given in Figure 11 . At the initial stage of deformation, softer ferrite phase deforms predominantly as compared to harder austenite, creating high strain concentration at the d/c interface (indicated by red arrows in Figure 10(a) ), which can be confirmed from the LAM map of the 1173-0.25 sample, as indicated by black arrows in Figure 11 (a). An increase in applied strain resulted in more uniform strain distribution inside d (Figure 11(c) ). As the rate of DRV in d is comparatively slower at 1173 K (900°C) than at 1373 K (1100°C ), d becomes strain hardened upon deformation at 1173 K (900°C), and as a result, c deforms to a greater extent. Both slipping and twinning mechanisms were possibly active during the deformation of c at 1173 K (900°C) (Figures 10(b) and 11(b) and (d) ). Upon heavy deformation (e = 0.8) at 1173 K (900°C), d and c regions arrange in the form of alternate bands of elongated thin layers (Figure 3(d) and 11(e) and (f)). Some regions inside the heavily deformed d and c layers also become strain-free recrystallized regions (Figures 11(e) and (f) ).
The boundary misorientation distributions determined from the EBSD analysis are presented both in terms of relative scale (fraction) and absolute scale (number of boundaries per unit area, mm 2 ) in Figures 12 and 13 , respectively. The distributions clearly show the decrease in LAB fraction and corresponding rise in HAB fraction in d-ferrite, with the increase in applied strain. The HAB fraction particularly increased as the strain increased from 0.5 to 0.8 (Figures 12(c) and 13(c)) accompanied by an increase in recrystallized fraction (Table II) . A small amount of recrystallization was even noticed in the 1173-0.5 sample, as indicated by white arrows in Figure 10(b) . The boundary misorientation distributions of austenite regions were similar in the case of 1173-0.25 and 1173-0.5 samples (Figures 12(b) and (d) and 13(b) and (d) ). As the applied strain increased to 0.8, the fraction of LAB decreased and the same for HAB increased for all The IPF maps for d and c regions of the samples deformed at 1173 K (900°C) are shown in Figure 14 . As the cast and reheated structure was deformed, solidification and deformation texture dominated up to 0.5 strain (Figures 14(a) through (d) ). As the strain increased to 0.8, new strain-free grains formed both in d and in c; some of those grains tended to show random texture, while others retained deformation texture (Figures 14(e) and (f) ). The ferrite texture represented in the F 2 = 45 deg ODF section clearly showed the dominance of cube and rotated-cube textures at all strain levels ( Figure 14) . Gradual transformation from solidification to deformation texture is evident from the ODF sections of the 1173-0.25 and 1173-0.5 samples (Figures 15(a) and (b) ). The intensity of texture, however, decreased in the 1173-0.8 sample (Figure 15(c) ). The preceding discussion indicates that the deformation of d-ferrite and CDRX of some fraction of d governed the ferrite texture in 900°C deformed samples. The formation of randomly oriented grains can be attributed to the grain growth, which is certainly less severe at lower T def (i.e., 1173 K (900°C)) than higher T def (1373 K (1100°C)), as evident from the recrystallized d-grain size in Table II .
The crystallographic texture in c regions of 1173 K (900°C) deformed samples, presented in Figure 16 , shows the dominance of deformation texture components such as Copper, Brass, Rotated Goss, and S. A small amount of cube texture also evolved in the 1173-0.8 sample. The recrystallized fraction in c is smaller than that in d for T def = 1173 K (900°C) ( Table II) . From the preceding evidence, it is difficult to conclusively state the exact recrystallization mechanism taking place in c. The increases in HAB fraction in the boundary misorientation distribution in Figures 12(d The average microhardness of ferrite and austenite regions for hot-deformed samples was presented in Figure 18 as the function of deformation temperature and applied strain. At deformation temperature (T def ) of 1373 K (1100°C), an increase in applied strain to e = 0.8 decreased the hardness of both d and c regions (Figure 18(a) ). This clearly indicates that dynamic softening mechanisms (DRV and DRX) were very active at 1373 K (1100°C), especially upon heavy deformation (e~0.8). Samples deformed at 1173 K (900°C ) showed a completely different trend and the microhardness of d and c regions, which increased with applied strain (Figure 18(b) ). Therefore, in spite of DRV and DRX, strain hardening continued to dominate the d and c regions, which increased the hardness. In general, as the deformation temperature decreased from 1373 K (1100°C) to 1073 K (800°C), the microhardness of d and c regions for heavily deformed samples (e = 0.8) increased continuously (Figure 18(c) ). The C continued to remain as the harder phase, and the difference in hardness between c and d increased with the decrease in T def . Since c has lower SFE, the dislocation movement is more difficult in c than in d, [31] [32] [33] as a result of which the dynamic restoration in c is more temperature sensitive than that in d.
IV. CONCLUSIONS
The hot deformation behavior of 2101 grade lean DSS and the associated microstructural changes within individual phases (d-ferrite and austenite (c)) were investigated by GLEEBLE testing over a range of deformation temperatures, T def (1073 K to 1373 K (800°C to 1100°C )), and true strains, e (0.25 to 0.8), at a constant strain rate (1/s). The major conclusions derived from the present study are as follows.
1. At T def in the range of 1273 K to 1373 K (1000°C to 1100°C), flow stress remained at a low level (80 to 110 MPa) and increased slightly with the increase in strain. As T def decreased to 1173 K (900°C) and further to 1073 K (800°C), the average flow stress level increased significantly 2 to 3 times (220 to 330 MPa).
2. At T def = 1373 K (1100°C), an increase in strain from e = 0.25 to 0.80 significantly increased the dynamically recrystallized fraction in c up to 68 pct, and the DDRX is accompanied by the formation of annealing twins. 3. At T def = 1173 K (900°C), the dynamically recrystallized fraction in c was much higher (~14 pct at e = 0.8) than that of T def = 1373 K (1100°C ). Both CDRX and DDRX contributed to that. 4. Both at T def = 1373 K (1100°C) and at 1173 K (900°C ), the DRX in d was governed by CDRX. The recrystallized fraction decreased with the decrease in T def and the decrease in applied strain (~75 pct at 1373 K (1100°C) to~30 pct at 1173 K (900°C). 5. At a constant high strain level (e = 0.8), the recrystallized fraction in c and d decreased with the decrease in deformation temperature and became negligible at T def = 1073 K (800°C). 6. The texture in d-ferrite was predominantly cube and rotated cube at all deformation temperatures and applied strain levels investigated in the present study. At small applied strain (up to e = 0.50), the texture in c was dominated by deformation texture components such as Copper, Brass, Rotated Goss, and S components. 7. The TEM study shows that the increase in strain from 0.25 to 0.5 at 1373 K (1100°C) resulted in subgrain formation by dislocation rearrangement and recovery of ferrite. Upon further increase in strain to 0.8, pronounced recovery, i.e., CDRX in ferrite, led to the formation of recrystallized ferrite grains. At a lower deformation temperature of 1173 K (900°C), dislocation pileup at the interphase boundaries indicates that those boundaries restricted the plastic flow. This observation explains the increasing hardness with the decrease in deformation temperature. 8. At a constant heavy deformation level (e = 0.8), the average microhardness of d and c regions increased continuously with the decrease in T def . The rate of hardening with respect to the decrease in T def was higher in c than in d-ferrite. 9. The variation in average microhardness as the function of applied strain showed different trends for T def = 1373 K (1100°C) and T def = 1173 K (900°C). At T def = 1373 K (1100°C), an increase in applied strain decreased the hardness of d and c, due to the increase in microstructural softening by recrystallization. A T def = 1173 K (900°C) increase in strain increased the hardness of d and c regions, as the recrystallized fraction was lower than the deformed fraction.
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NOMENCLATURE
